Abstract Spatial variations of the water quality parameters of the Merbok estuary were interpreted by multivariate statistical techniques, such as cluster analysis (CA), principal component analysis (PCA), and factor analysis (FA). Data from January to December 2011 were collected to monitor 13 parameters at six sampling stations along the river stretch (two stations at each river section: upstream, midstream, and downstream). Cluster analysis results revealed two different groups between the sampling stations, reflecting different physicochemical properties and pollution levels in the study area. Factor analysis was used for the parameters of the surface and bottom water quality, yielding four factors that were responsible for 72.93 and 68.90 % of the total variance of data sets. PCA also found conductivity, salinity, dissolved oxygen, chlorophyll a, and NO 3 -to be the most important parameters contributing to the fluctuations of surface water and bottom water quality in the Merbok estuary. This study presents the usefulness of multivariate statistical techniques for assessing water quality data sets and for understanding spatial variations in water quality parameters to effectively manage water quality in estuaries.
Introduction
The estuaries and coastal areas of Malaysia are exposed to massive anthropogenic activities. As a result, most of the estuaries have become polluted. Forty-two tributaries in Peninsular Malaysia have been classified as highly polluted (Aiken et al. 1982) , and 13 tributaries along with 36 rivers are moderately polluted because of anthropogenic activities, such as industry, construction, and agriculture (DOE 1999) . Approximately 60 % of the water of major rivers is used for domestic, agricultural, and industrial purposes (DID 2001) . Sewage disposal, discharges from small-and medium-sized industries without proper effluent treatment systems, land clearing, and earthwork are the major factors responsible for river pollution in Malaysia (Rosnani 2000; Juahir et al. 2011 ).
Water quality is influenced by both natural processes (such as precipitation rate, weathering, and soil erosion) and anthropogenic activities (including urban development, industrial and agricultural activities, and human exploitation of water resources) (Pejman et al. 2009; Yang et al. 2012) . These activities often cause the degradation of water quality, physical habitat, and the biological integrity of lotic systems (Varol and Sen 2009) .The overexploitation of water resources in catchment areas is responsible for much of pollution load (Singh et al. 2005 ). The quality of a river or a stream at any point represents basin lithology, atmospheric input, climatic conditions, and anthropogenic input. Rivers and streams assimilate or carry off municipal and industrial wastewater and runoff from agricultural land. Municipal and industrial wastewater discharges continuously, whereas surface runoff input eventually, depending on the climatic condition of the basin (Pradhan et al. 2009; Hu et al. 2012) . Water chemistry in rivers and streams depends on spatial and temporal variation and shows high heterogeneity at different spatial scales. Local environmental conditions (e.g., light intensity, water velocity, temperature, and discharge) are determinant factors for spatial heterogeneity within the stream. Increasing population growth expands economic activity, and rapid industrialization increases water demand. In addition, rapid urbanization is altering the patterns of consumption, causing the severe misuse of water resources. Rivers, streams, and their tributaries passing through cities receive many contaminants released from industrial, domestic/sewage, and agricultural effluents and thereby accelerate the degradation of fresh water ecosystem mainly by eutrophication (Qadir et al. 2008; Zhang et al. 2011; Mustapha and Aris 2012) .
Spatial and temporal variations in surface water quality have been measured through multivariate statistical techniques (Alkarkhi et al. 2009; Bu et al. 2010; Huang et al. 2011; Juahir et al. 2011; Varol et al. 2012; Wang et al. 2012; Mustapha et al. 2013) . The Merbok River, a mangrove estuary in wet tropical Peninsular Malaysia, is heavily impacted by human activities such as agriculture, aquaculture, pond culture, cage culture, artisanal fisheries, and land development. Merbok River is an immense source of fisheries. Many locals depend on fishing on this estuary for their livelihood. The estuary is used for breeding and spawning and is a nursing ground for resident and migratory fish species. The estuary is also a recreational place for locals and tourists. Thus, many people depend on the water resources of this estuary. However, few studies have examined the water quality of rivers and streams in Malaysia especially in Merbok. Therefore, the water quality of this estuary should be determined to assess its environmental conditions and thus contribute to improving the management of the estuary.
There are many ways to monitor water conditions (EPA 2002) . Generally, water quality monitoring focuses on the physical and chemical parameters and a few key biological parameters. Examination of the extensive literature on this issue indicates that still there is no consensus as to the class or complex of parameters that characterize water quality status of estuaries. Some authors represent water quality status by dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, suspended solids, pH, conductivity, salinity, temperature, nitrogen in the form of ammonia, turbidity, dissolved solids, total solids, nitrates, chloride, and phosphates (Iscen et al. 2008; Mustapha and Abdu 2012) . Others (Meera and Nandan 2010) have examined water quality status combining some of these physicochemical parameters with the measurement of the chlorophyll pigments' contents. To have insights into the phytoplankton abundance and biomass in our study, we focused on chlorophyll a, as previously carried out elsewhere (Meera and Nandan 2010). Present study measured chlorophyll a to assess trophic status of the estuary as it is a valuable indicator of phytoplankton abundance and biomass. This pigment alone is believed to be a valuable index of the productivity and trophic condition of estuaries (Boyer et al. 2009 ). Its concentrations are an indicator of phytoplankton abundance and biomass in estuarine waters and thus an effective measure of trophic status (ANZECC/ARMCANZ 2000). For Rossouw (2003) , chlorophyll a concentrations can be considered the most important biological response variable for nutrient-related problems. From a mathematical approach, evidence has been produced, which demonstrated that chlorophyll a is the best proxy of phytoplankton biomass (Huot et al. 2007 ). The amounts of chlorophyll a are potential indicators of photosynthetic rate and are a commonly used measure of water quality (Nichol et al. 2013 ). This study was set to examine water quality status in Merbok estuary based on physicochemical parameters and chlorophyll a. Different multivariate statistical techniques, such as cluster analysis (CA), principal component analysis (PCA), and factor analysis (FA), have been widely applied to interpret and analyze complex environmental data matrices to better understand the water quality and ecological information of the studied area. This research intends to apply PCA, FA, and CA techniques: to explore the extent of similarity and dissimilarity among the sampling stations and to extract critical parameters that are most relevant to assess spatial variations in water quality in Merbok estuary.
Materials and methods

Study area
The Merbok River (5°30 0 N, 100°25 0 E) is the mouth of major rivers in southern Kedah (Fig. 1) . The river flows into the Straits of Malacca after passing through an alluvium plain of rice fields on its freshwater course and mangroves on its estuarine course. The river is about 35 km long and 3 to 15 m deep and has a few 20 m deep holes where tributaries join the Merbok (Kjerfve 1979; Ong et al. 1991) . Seawater intrudes up to about 30 km, although the river is tidal for almost its entire length. The tidal range in the nearest coastal area is from 0 to 2.9 m. The freshwater part of the main river is only a few meter wide. Freshwater flows into the estuary through numerous tributaries and ground runoff (sheet flow) during heavy rainfall. The estuary is connected to the Muda River in the south via a channel. Muda River is a major river with an average water discharge of about 100 m 3 sec -1 (DDI 1974 Each end of the cylinder was covered with spring-loaded flaps, which can be held in the fully open position by latches. The latches were released by applying a small amount of pressure to a lever. To accomplish this, a weight (called a ''messenger'') was dropped down the lowering rope, the latch was tripped, and the ends of the cylinder close. When the sampler was in use, the end flaps were latched into the open position. As the sampler was lowered to the required depth with the lowering rope, water was passed through the open ends so that, at any depth, the water in the sampler was the water from that depth. When the desired depth was reached, the messenger weight was dropped down the rope, the latch was tripped, and the end flaps close. The sampler is brought to the surface and its contents/water was transferred to a sample bottle. Surface and bottom water was collected from each station (three replicates) in acid-washed polythene bottles (1.5 l) for laboratory analysis. All the samples were kept in the dark and cool temperature (4°C) in the cool box before transporting to the laboratory. Temperature, salinity, and electrical conductivity were measured at each sampling station with Hydrolab Surveyor 3 Data Logger (Model no# SVR3-DL, USA). Dissolved oxygen (DO) was recorded by a DO meter (YSI Model 52). The pH was measured by a pH meter (eco Testr TM , pH = 2). Water transparency was observed with a Secchi disk 20 cm in diameters (Wetzel and Likens 2000) . The samples collected from the field were kept in a refrigerator below 4°C to reduce the activity and metabolism of the organisms in the water (Adams 1991 Nitrite (NO 2 -) concentration was measured using calorimetric method (Strickland and Parsons 1972) . In this method, water samples were treated with sulfanilamide in acid solution with diazonium compounds, which reacted with N-(1-naphtyl)-ethyleneamine dihydrochloride to form an azo dye. Then, absorbance was measured by a spectrophotometer (HITACHI, Model no. U-1900, Japan) at 543 nm, whereas nitrate (NO 3 -) was determined through cadmium reduction. In this method, the reduction changes nitrate (NO 3 -) to nitrite (NO 2 -) by passing the sample water through a copper-cadmium reduction column. Then, nitrate reduced to nitrite was determined by the calorimetric method.
Phosphate (PO 4 3-)
Phosphate (PO 4 3-) was measured by the ascorbic acid method (Strickland and Parsons 1972) . In this method, ammonium molybdate, sulfuric acid, ascorbic acid, and potassium antimonyl-tartrate was poured to water samples, which reacted with reactive phosphorous and thus formed a blue solution. Wavelength was measured at 880 nm with a spectrophotometer (HITACHI, Model no. U-1900, Japan).
Ammonia-N (NH 4
? )
The concentration of ammonia-N (NH 4 ? ) was determined through the ammonia low-level indophenol method (APHA 1991) . In this method, water samples were treated with an alkaline medium, phenol, and sodium nitroprusside to form blue indophenols, which was measured at 640 nm with a spectrophotometer (HITACHI, Model no. U-1900, Japan).
Biological oxygen demand (BOD)
Biological oxygen demand (BOD) was determined by measuring the difference in oxygen concentrations in the sample before and after incubation in the dark at 20°C for 5 days (APHA 1991).
Total suspended solids (TSS)
The total suspended solids (TSS) were determined by filtering 250 g of the water sample through previously weighted Whatman No. 47 mm glass microfiber filters. The filter papers were then dried in an oven at 105°C for 24 h and weighted again. The difference in weights yielded the amount of suspended solids for that volume of water sample (APHA 1991).
Chlorophyll a
Chlorophyll a was measured according to the method used by Strickland and Parsons (1972) . The water samples were filtered through a 0.45 lm filter paper (Whatman Cellulose Nitrate Membrane Filters) with a vacuum pump (Rocker, Model no. 300). Chlorophyll pigment was extracted by 90 % acetone, and the filters were then kept frozen in the dark overnight. The samples were centrifuged at 4,000 rpm for 10 min, and the absorbance of the extracted samples was recorded at 630, 647, 664, and 750 nm by a spectrophotometer (HITACHI, Model no. U-1900, Japan).
Data treatment and multivariate statistical methods
The Kruskal-Wallis H test was used to determine the significant difference of the physicochemical parameters between sampling stations and months. The Mann-Whitney U test was conducted to identify significant differences between surface water quality and bottom water quality.
The Kaiser-Meyer-Olkin (KMO) and Bartlett's sphericity tests were conducted to examine the suitability of the data for PCA and FA (Shrestha and Kazama 2007) . KMO is a sampling adequacy measure that provides the proportion of variance that is a common variance (i.e., that might be caused by underlying factors). A high value (close to 1) generally indicates that PCA and FA are useful. In this study, KMO values were 0.578 and 0.577 for surface and bottom water, respectively. Bartlett's test of sphericity indicates whether the correlation matrix is an identity matrix, which indicates that variables are unrelated. The significance level (0 in this study, less than 0.05) indicates significant relationships among variables.
Cluster analysis is a multivariate technique that categorizes objects of the system into clusters or categories according to their similarities or dissimilarities. This classification aims to obtain optimal groups or clusters with similar observations or objects, but with the clusters dissimilar to one another. Of all CA methods, hierarchical agglomerative clustering is the most common, providing intuitive similarity relationships between any sample and the entire data set and usually illustrated by a dendrogram or tree diagram. In this study, hierarchical agglomerative CA was performed by the unweighted pair group method using arithmetic averages (UPGMA) method using Euclidean distance as a measure of similarity or dissimilarity (Shrestha and Kazama 2007) . CA was conducted by MVSP software.
Factor analysis shows possible linear combinations of the original variables and reduces large number of variables into new uncorrelated few variables. PCA allows associations between variables and thereby reduces the dimension of the data matrix. These techniques provide information on the most meaningful parameters, which describe a whole data set affording data reduction with minimum loss of original information (Vega et al. 1998 ). The new groups of variables were extracted through PCA axis rotation (varimax rotation) (Alberto et al. 2001 ). All statistical data were treated through SPSS 18.0.
Results and discussion
Spatial variation of water quality parameters
The mean, standard deviation, and range of the surface and bottom water quality parameters at different stations of the Merbok estuary are shown in Table 1 .
The spatial variations of water quality parameters with their average values and standard errors among six different sampling stations in Merbok estuarine system are presented in Figs. 2, 3, 4, 5, 6, 7 . The depths of stations 1, 2, 3, 4, 5, and 6 were observed to be 3.83, 2.17, 2.21, 2.71, 3.70, and 3.50 m, respectively. Water temperature varied from 3.08 ± 3.07 (13.94-0.80) 29.50 to 29.74°C at surface and 29.41 to 29.68°C at the bottom. The surface water temperatures were slightly higher than the temperature of the bottom water, which may be attributed to the high-energy zone compared with the shallow and low-energy region of the estuary. Temperature was non-significant between the surface and the bottom (Mann-Whitney U test, p [ 0.05). Temperature is the most important factor to maintain the growth, reproduction, survival, and distribution of organisms in the physical environment (Langford 1990 ). Because the estuary is shallow, water temperature is controlled by atmospheric temperature. Temperature controls behavioral characteristics of organisms, solubility of gases and salts in water (Vincy et al. 2012 ). Mean surface temperature was at its maximum at station 3 (midstream) and at its minimum at station 1 (upstream). The pH of the bottom water was slightly higher (6.87-7.40) than that of the surface water (6.90-7.34). The pH was non-significant between the surface and the bottom (Mann-Whitney U test, p [ 0.05) but significant between sampling months and stations (Kruskal-Wallis H test, p \ 0.001). A high value at the bottom can be attributed to the vertical stratification of the water column with regard to salinity and DO. Shuhaimi-Othman et al. (2007) observed that pH varied from 5.72 to 7.38. The spatial variation of pH was recorded in this study higher downstream than upstream. Earlier studies on Indian estuaries (Upadhyay 1988; Murugan and Ayyakkannu 1991) found that pH varied from the surface to the bottom and that pH is high toward the downstream. Salinity was ranged from 13.31 to 24.22 ppt in the surface water and 14.17 to 25.09 ppt in the bottom water. The surface and bottom salinities are presented in Fig. 2 . In surface and bottom water, the salinity of stations 1 and 2 (upstream) was lower than that of the other stations downstream because of fresh water discharge in the upstream and density stratification. The Mann-Whitney U test showed that salinity was non-significant (p [ 0.05) between surface and bottom but significant between station and month (Kruskal-Wallis H test, p \ 0.001). Sujatha et al. (2009) also reported that surface salinity is lower than bottom salinity in most stations, indicating the prevalence of density stratification within the estuary. The influx of highly saline water and the low discharge of freshwater by rivers increased salinity in the estuary. In addition, the differences between surface and bottom salinity can be attributed to the outflowing riverine water, which creates a two-layer structure in the estuary Fig. 2 The concentration of surface and bottom salinity and conductivity (Mean ± SE) of Merbok estuary at different stations Fig. 3 The relationship between conductivity and salinity at different stations of Merbok estuary Fig. 4 The concentration of surface and bottom DO (Mean ± SE) of Merbok estuary at different sampling stations (Nasnolkar et al. 1996) . Moreover, increased salinity indicates increased halide ions (Cl
-) in downstream, which may be due to increase in positive ions at downstream. Meera and Nandan (2010) found that most water-soluble salts in an aquatic environment remain in chloride form, which indicates the total amount of soluble salts in the ecosystem. Water conductivity as a function of salinity at different stations is shown in Fig. 3 . A linear relationship between conductivity and salinity was observed with a coefficient (DConductivity/DSalinity) of 10.88 and 10.82 lS/cm/ppt for the surface and bottom waters, respectively, with linear regression r 2 value of 0.97. Therefore, water conductivity was a consequence of salinity intrusion from the downstream to upstream in the Merbok.
Surface and bottom DO are shown in Fig. 4 . The DO of surface water was 3.29 to 5.65 mg/l, slightly higher than that of bottom water at 3.19 to 5.27 mg/l. This difference may be attributed to the high photosynthetic activity at the euphotic zone, to atmospheric input, and to high oxygen solubility in the low-salinity surface water. A comparison of surface and bottom values revealed that a vertical gradient was prominent at all stations during the study period. Satpathy et al. (2010) observed similar pattern of results. The Mann-Whitney U test showed that DO was non-significant between the surface and the bottom (p [ 0.05) but significant between months and stations (Kruskal-Wallis H test, p \ 0.001). The highest DO value at station 1 may be due to phytoplankton photosynthesis, which acts as a major factor, and to the high solubility of oxygen in low surface water. The lowest value of oxygen found in station 3 (middle stream) may be due to organic waste water discharge, which increased organic matter; this organic matter subsequently decomposed and reduced DO in this station. Anila Kumary et al. (2007) found that oxygen level is maintained to a limit by the high photosynthetic activity and periodic flushing characteristics of the estuary. The same study observed that local production, diffusion and advection, exchange of oxygen across the surface, and biochemical utilization are controlling factors for DO in many aquatic environments.
The surface and bottom concentration of nutrients are presented in Fig. 5 . NO 3 -, NO 2 -, and NH 4 ? were higher at station 1 (upstream) than at other stations (downstream), indicating the effect of anthropogenic discharge. Nutrients were more abundant on the surface than in the bottom waters at station 1. This nutrient concentration pattern may be attributed to the point and nonpoint sources of pollution and erosion effects. Point source pollution is attributed to domestic wastewater discharged from upstream human settlements, whereas nonpoint source pollution is contributed by agricultural and livestock farms (Madramootoo et al. 1997 ). The NO 3 -concentration in the surface and bottom water varied from 0.05 to 0.24 and 0.04 to 0.18 mg/ L, respectively (Table 1 ). The maximum concentration was observed upstream (station 1). Nitrate may be flushed by rainwater, excessive use of fertilizers, and wastewater drainage. Previous study also observed that high nitrate values were found in severely polluted areas of Adayar mangrove waters (Selvam et al. 1994) . The concentration of NO 2 -in surface and bottom water varied from 0.10 to 0.18 and 0.09 to 0.19 mg/L, respectively (Table 1) . NO 3 - Fig. 5 The concentration of surface and bottom nutrients (Mean ± SE) of Merbok estuary at different sampling station Fig. 6 The concentration of surface and bottom TSS (Mean ± SE) of Merbok estuary at different sampling stations Int. J. Environ. Sci. Technol. (2015 ) 12:2091 -2102 2097 and NO 2 -were non-significant between the surface and the bottom (Mann-Whitney U test, p [ 0.05) but significant between stations and months (Kruskal-Wallis H test, p \ 0.001). The oxidation of NH 3 releases NO 2 -to the aquatic environment, as a result of the digenetic decomposition of estuarine sediment rich in organic matter (Correl et al. 1992 ). The present study also showed that nitrite value was lower in compare to nitrate value. Nandan (2004) reported that higher nitrate content concomitant with low nitrite which may be resulted from nitrification process in case of Kadinamkulam estuary.
The NH 4 ? concentration in the surface and bottom water ranged from 0.09 to 1.42 and 0.09 to 0.93 mg/L, respectively (Table 1 ). The highest amount of ammonia was recorded at station 1 (upstream) compared with other stations because of the effects of solid wastes dumped from residential areas and anthropogenic activities upstream. Previous study by Raj et al. (2013) found that higher level of ammonia was found in estuary, which may be due to the excretion and decomposition of aquatic organism in the ecosystem. Adam et al. (2001) also suggested that direct runoff from agricultural land is responsible for the highnitrogen burden of water bodies. PO 4 3-concentration in the surface and bottom water ranged from 0.06 to 0.08 and 0.06 to 0.09 mg/L, respectively. The lowest PO 4 3-was found in the downstream compared with the upstream. This higher concentration in the upstream may be due to agricultural runoff from nearby fertilizer-treated paddy fields. Sujatha et al. (2009) found that phosphorus is increased by rainfall, land runoff, and phosphorus-rich sediment from connecting tributaries. Mann-Whitney U test results showed that NH 4 ? and PO 4 3-were non-significant between the surface and the bottom (p [ 0.05) but significant between stations and months (Kruskal-Wallis H test, p \ 0.001).
TSS ranged from 28.33 to 52.78 mg/L in surface water and 32.22 to 77.22 mg/L in bottom water (Fig. 6) . The highest value, 77.22 mg/L, was found in the bottom water of station 6 (downstream) compared with other stations because of the wastewater input and saltwater intrusion downstream. Jonnalagadda and Mhere (2001) found that TSS is increased by runoff from upstream farms and uncontrolled pollution. TSS was higher in bottom water than in surface water, indicating that TSS was modulated differently by settling or resuspension near the bottom and by advection in the surface water. Sewage discharge significantly affects the increase in the TSS concentration of the estuary (Muduli et al. 2011 ). Mann-Whitney U test results showed that TSS was significant between the surface and the bottom (p \ 0.001).
The highest transparency was found in station 2 (upstream), with an average of 93.04 cm ( Table 1 ). The lowest value was observed in station 6 (downstream), with an average of 62.38 cm; this minimum value may be due to runoff from the surrounding catchment, which introduces turbid waters to the study sites and to the lower reaches of the estuary as a settling basin. Another reason may be the turbid water produced by high salinity, which reduces transparency. Anitha and Kumar (2013) found that turbidity may be significantly increased by wind stirring up the bottom sediment in the estuary. Qasim (2004) indicated that the transparency of estuaries is influenced by spatial, temporal, and climatic variations together with tidal flow.
Biological oxygen demand varied from 1.25 to 4.48 and 0.73 to 3.39 mg/L for surface and bottom water, respectively (Fig. 7) . Station 1 recorded high values of BOD at the surface and bottom water probably because of the influx of organic sewage from anthropogenic activities; thus, station 1 was categorized as a polluted station. In addition, surface water exhibited high BOD, which may be due to organic suspended materials from discharged wastewater. This condition may also be due to the effect of dead and decaying mangrove vegetation resulting in increased BOD in this study area. Similar results were also observed by previous studies (Grafny et al. 2000; Fianko et al. 2010) . BOD was non-significant between the surface and the bottom (MannWhitney U test, p [ 0.05) but significant between months and stations (Kruskal-Wallis H test, p \ 0.001). Chlorophyll a concentration is an indicator of phytoplankton biomass. High concentrations of chlorophyll a would result in high values of productivity and high phytoplankton biomass. Chlorophyll a concentration ranged from 0.36 to 1.19 and 0.44 to 3.08 lg/L for surface and bottom water, respectively (Fig. 7) . A marginally increasing trend of chlorophyll a was noticed from the station 1 to station 6 (Table 1) . The surface and bottom concentration of chlorophyll a at the sampling stations showed a peculiar trend, whereas relatively high-surface chlorophyll a was found at station 1 and station 5. However, the bottom values were relatively high at stations 2, 3, 4, and 6 compared with surface concentrations. Stations 1 and 5 showed higher depth with lower chlorophyll a at the bottom. On the other hand, stations 2, 3, 4, and 6 showed lower depth with higher chlorophyll a at the bottom. The present research observed that station 1 showed high chlorophyll a, it may be due to nutrients while, station 6 showed reverse result which may be due to combined effects of light, shallow depth, and mechanical processes like turbulent mixing. Previous study by Satpathy et al. (2010) reported higher chlorophyll a concentration in bottom layer in compare to surface water. Meera and Nandan (2010) observed that higher chlorophyll a coincided with low nitrate; nitrite and phosphate concentration in Valanthakad backwater in Kerala. However, Van Duyl et al. (2002) have also opined that enhanced nutrient supply might trigger the size increase in cells, which would ultimately increase the chlorophyll a concentration. Chlorophyll a increased to its maximum in the upstream, decreased in the midstream, and increased again in the downstream, probably because of adequate nutrients that allow photosynthesis in the presence of light and thus enable the growth of phytoplankton. This observation is similar to that of a previous study (Damme et al. 2005; Sarupria and Bhargava 1998) . Mann-Whitney U test results showed that chlorophyll a was significant between the surface and the bottom (p \ 0.001) and stations and months (Kruskal-Wallis H test, p \ 0.001).
Cluster analysis (CA)
Cluster analysis was performed on all six sampling stations against both surface and bottom water quality parameters. This analysis was used to detect the similarity or dissimilarity of groups between the sampling stations. Hierarchical CA using the UPGMA method based on Euclidean distance produced two significant clusters. Cluster diagram (Fig. 8) indicated that station 1 formed cluster 1, the most polluted station. Stations 2-6 formed cluster 2, which showed almost similar behavior as all stations were only slightly polluted. This similar result is supported by Muduli et al. (2011) .
Spatial CA rendered a dendrogram (Fig. 8) , where station 1 was the most polluted (91.31 %) and had the highest dissimilarity (87.19 %) for surface and bottom water compared with other stations. Station 1 was located upstream and received pollution from nonpoint sources, mostly from anthropogenic and agricultural activities. By contrast, the lowest pollution (2.77 %) and dissimilarity (7.15 %) were found in stations 4 and 5 for surface and bottom water, respectively. These stations received pollution from point and nonpoint sources, namely, domestic wastewater and runoff from upstream.
Factor analysis (FA)
Factor analysis was conducted on the data sets (12 variables) to compare the compositional patterns between analyzed samples (water quality parameters) and to identify the sources of variation. FA yielded four factors with an eigenvalue [1, explaining 72.93 and 68.90 % of the Fig. 8 Dendrogram obtained by cluster analysis using UPGMA method and Euclidian distances for all six sampling stations according to surface and bottom water quality parameters of the Merbok estuary total variance for surface and bottom water, respectively. An eigenvalue measures the significance of factors. The factors with the highest eigenvalues are the most significant and responsible for explaining large variation in data. The eigenvalues, percentages, and cumulative percentage variances of the four identified factors are presented in Table 2 . FA was performed on the correlation matrix between different parameters according to varimax rotation. Liu et al. (2003) classified factor loading as ''strong'', ''moderate'', and ''weak'', corresponding to absolute loading values of [0.75, 0.75-0.50, and 0.50-0.30, respectively. The parameter loadings for the four factors from the FA data (Table 2) illustrate that most of the variables associated with one another were well defined and contributed slightly to other factors, facilitating the interpretation of the results. The four factors may be attributed to the three substantial sources of anthropogenic activities.
Factor 1 of the surface water accounted for 27.46 % of the total variance, which had strong positive loading for conductivity and salinity, strong negative loading for NO 3 -, moderate negative loading for NH 4 ? , moderate positive loading for temperature, and week negative loading for NO 2 -and BOD. However, in the case of the bottom water, factor 1 contributed 27.63 % of the total variance, which had strong positive loading for conductivity and salinity, strong negative loading for NO 3 -, and moderate negative loading for NO 2 -and NH 4
?
. Factor 1 of the surface and bottom water had strong loading for salinity and conductivity, indicating that seawater significantly influenced the water chemistry of the estuary, and both parameters were influenced by the salt contents of seawater. Factor 1 of both surface and bottom water inorganic nutrients showed almost similar patterns, which may be due to the shallow depth of the estuary. The second factor in the surface water accounted for 18.28 % of the total variance and had strong positive loading for TSS, moderate positive loading for pH and BOD, and moderate negative loading for NO 2 -. This factor can be called the soil erosion effect. However, in the case of bottom water, this factor contributed 18.11 % of the total variance, strong positive loading for chlorophyll a and DO, and had moderate positive loading for PO 4 3-. The third factor of surface and bottom explained 15.43 and 14.46 % of the total variance and had strong positive loading for DO and chlorophyll a. This factor is responsible for autotrophic aquatic environment. By contrast, the third factor of bottom water had strong positive loading for BOD, moderate positive loading for pH, and moderate negative loading for temperature. This factor can be called organic nutrients, which represent pollution from domestic waste and nutrients. BOD is the amount of oxygen required by aerobic microorganisms to oxidize organic matter to a stable inorganic form. The fourth factor of surface accounted for 11.75 % of total variance which had strong positive loading for PO 4 3-. This factor can be called inorganic nutrients and represents pollution from domestic waste and agricultural sewage. High concentration of phosphates indicates the presence of pollutants that are largely responsible for anthropogenic activities and organic decomposition of leaves. The fourth factor of bottom water accounted for 8.7 % of total variance, which had strong positive loading for TSS. The data in Table 2 also reveal that conductivity, salinity, DO, chlorophyll a, and NO 3 -were the most influential parameters contributing to water quality fluctuations in the Merbok estuary for the surface and the bottom. Vega et al. (1998) seasonal and polluting effects on water quality of the Pisuerga River in Spain through exploratory data analysis. The first factor in this study was mostly contributed by water quality parameters related to mineral and inorganic nutrient. Alkarkhi et al. (2009) investigated the surface water quality of selected estuaries of Malaysia through principal factor analysis. However, the second and third factors in this study were mostly contributed by domestic sewage pollution and surface runoff and other agriculture activities. The results for surface and bottom water in the current research are supported by Alkarkhi et al. (2009) and Vega et al. (1998) .
assessed the
Conclusion
Water quality parameters analyzed through CA, PCA, and FA revealed that nutrients, such as NO 3 -, NO 2 -, NH 4 ? , PO 4 3-, and BOD, were higher in upstream (station 1) than downstream, indicating that nutrient concentration in the estuary is regulated by freshwater flow from upstream and by tidal mixing. In addition, this condition may be due to anthropogenic activities and surface runoff. By contrast, TSS and salinity were higher in downstream (station 6) in both surface and bottom water than upstream (station 1) possibly because of erosion effects and increased positive ions. Station 1 was the most polluted station because of anthropogenic activities. These results were also supported by CA. Results from PCA showed that conductivity, salinity, DO, chlorophyll a, and NO 3 -were the most significant parameters contributing to surface and bottom water quality fluctuations in the Merbok estuary. This study provides better understanding of the ecological conditions of the tropical estuary and may thus help management authorities in planning strategies for integrated estuarine managementrelated issues to maintain a sustainable ecosystem. In addition, this study allows scientists to better understand and visualize critical processes in the estuarine system.
